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PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Amendment 



Please amend the above-captioned application as follows: 



In the Specification 



On page 1, line 31, please replace the phrase "consists in" with the phrase -includes- 



On page 1, line 34, please replace the phrase "consists in" with the phrase -includes-. 



On page 2, line 8, please replace the phrase "consists in" with the phrase -includes-. 
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On page 2, line 28, please replace the phrase "The subject of the present invention is therefore" 
with the phrase -Described herein is—. 

On page 2, line 33, please replace the phrase "According to the invention, the process is 
characterized in that it comprises the following steps" with the phrase "The process includes:" 

On page 3, line 32, please delete the phrase "of the invention." 

After the text on page 5, please add the following paragraph: 

"Further modifications and alternative embodiments of various aspects of the invention will be 
apparent to those skilled in the art in view of this description. Accordingly, this 
description is to be construed as illustrative only and is for the purpose of teaching those 
skilled in the art the general manner of carrying out the invention. It is to be understood 
that the forms of the invention shown and described herein are to be taken as the 
presently preferred embodiments. Elements and materials may be substituted for those 
illustrated and described herein, parts and processes may be reversed, and certain features 
of the invention may be utilized independently, all as would be apparent to one skilled in 
the art after having the benefit of this description of the invention. Changes may be made 
in the elements described herein without departing from the spirit and scope of the 
invention as described in the following claims.- 

In the Claims: 

Please amend the claims as follows: 
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1. A process for forming a silicon oxide layer of non-uniform thickness on a surface of one 
and the same silicon substrate, [characterized in that it comprises] comprising : 

[a) the implantation] implanting in predetermined regions of the substrate [of] an effective dose 
of atoms of a chemical species which increases the rate of oxidation of the substrate; and 

[b) the growth of] growing a silicon oxide layer of non-uniform thickness by [oxidation on] 
oxidizing the surface of the substrate. 

2. (Amended) The process as claimed in claim 1, [characterized in that] wherein the chemical 
species are chosen from Si, Ge, Ar, Ne and He. 

3. (Amended) The process as claimed in claim 1 [or 2, characterized in that the implantation 
step] wherein implanting in predetermined regions is an ion implantation step. 

4. (Amended) The process as claimed in [any one of claims 1 to 3, characterized in that] claim 1 
wherein the implantation energy is between 2 and 100 keV[, preferably 2 to 80 keV]. 

5. (Amended) The process as claimed in [any one of claims 1 to 4, characterized in that] claim 1 
wherein the implanted dose is from 5 x 10^^ to 5 x 10^^ atoms/cm^[, preferably 1 x 10^^ to 5 x 
10^^ atoms/cm^]. 

6. (Amended) The process as claimed in [any one of claims 1 to 5, characterized in that] claim 1 
wherein growing a silicon oxide layer comprises oxidation [the growth step by oxidation is an 
oxidation step] in a fumace, by plasma oxidation, electrochemical oxidation or rapid thermal 
oxidation. 
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7. (Amended) The process as claimed in claim 6, [characterized in that the step of] wherein 
growing the silicon oxide layer [is] comprises an oxidation step in a furnace at a temperature of 
at lest 300°C and in an oxidizing atmosphere. 

Please add the following claims: 

-8. The process as claimed in claim 2, wherein implanting in predetermined regions is an ion 
implantation step.- 

-9. The process as claimed in claim 1 wherein the implantation energy is between 2 and 80 
keV.- 

-10. The process as claimed in claim 2 wherein the implantation energy is between 2 and 100 
keV.™ 

-11. The process as claimed in claim 3 wherein the implantation energy is between 2 and 100 
keV.- 

"12. The process as claimed in claim 1 wherein the implanted dose is from 1 x 10^^ to 5 x 10^^ 
atoms/cm^.- 

-13. The process as claimed in claim 2 wherein the implanted dose is from 5 x 10^^ to 5 x 10^^ 
atoms/cm^.~ 

-14. The process as claimed in claim 3 wherein the implanted dose is from 5 x 10^^ to 5 x 10^^ 
atoms/cm .-- 
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"15. The process as claimed in claim 4 wherein the implanted dose is from 5 x 10^^ to 5 x 10 
atoms/cm^.- 

-16. The process as claimed in claim 5 wherein the implanted dose is from 5 x 10^^ to 5 x 10 
atoms/cm^.~ 
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It is believed that no fees are due in connection with the filing of this Preliminary 
Amendment. However, if any fees are due, the Assistant Commissioner is hereby authorized to 
deduct said fees from Conley, Rose & Tayon Deposit Account No/50-1505/53 10-03000/EBM. 
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Date: 
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The present invention relates in general to a 
process for forming a silicon oxide layer and more 
particularly a silicon oxide layer of non-uniform 
thickness on the surface of a silicon substrate. 

In microelectronics, the gate oxide layer, 
which is a -fundamental element of many semiconductor 
devices such as MOS transistors, is becoming thinner 
and thinner. Thus, in 0.18 [im technology, thicknesses 
of less than 4 nm are required for the gate oxide 
layer. This reduction in thickness of the gate oxide 
layer necessarily leads to a reduction in the supply 
voltages of the devices so as to prevent premature 
degradation of the gate oxide layer. In the case of 
microprocessors, it is not always possible to reduce 
the supply voltage, because of the input /output buses 
(I/O buses) which require higher voltages. To solve 
this problem, silicon oxide layers of different 
thicknesses have been grown on predetermined regions of 
the same silicon substrate, the thickest oxide layers 
being fonned at points where the voltages applied will 
be the highest. 

In order to obtain, on a surface of the same 
silicon sxibstrate, a silicon oxide layer having two 
different thicknesses in predetermined regions of the 
surface of the substrate, a two-step oxidation process 
has been used. 

The first step of the process consists in 
growing a first layer of silicon oxide of uniform 
thickness by oxidation on the surface of the substrate. 

The second step consists in growiiig a second 
silicon oxide layer by oxidation, but with masking of 
predetermined regions of the surface of the substrate 
that have already been covered with the first oxide 
layer, in order in this way to obtain a final oxide 
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layer of greater thickness in the unmasked regions. 

The major drawback of this process is the 
contamination of the gate oxide during the masking and 
etching steps. 

To remedy the drawbacks of the above masking 
process, a process has recently been proposed in which 
a non-uniform thickness oxide layer is grown in a 
single step. This process consists in forming, on the 
surface of the sxibstrate, predetermined regions having 
an oxidation rate reduced by nitrogen ion implantation 
in these predetermined regions, at points where it is 
desired to obtain a thinner oxide layer, and then in 
growing a silicon oxide layer by oxidation of the 
surface of the silicon substrate. Such a process is 
described, other others, in the article ^Tormation of 
Ultrathin Nitrided S±0^ Oxides by Direct Nitrogen 
Implantation into Silicon ^\ by H.R. Soleimani, 
B,S. Doyle and A. Philipossian, J. Electrochem. Soc, V 
ol. 142, No. 8, August 1998. 

The latter process also has serious drawbacks 
since the high dose of implanted nitrogen (>10^^ cm'^) 
inevitably leads to degradation of the thin gate oxide 
layer. This drawback is all the more problematic when 
the implanted regions are in the majority on the 
substrate and the thinner the oxide layer is thereon 
(and therefore the more sensitive it is to degradation 
problems) . 

The subject of the present invention is 
therefore a process for growing a silicon oxide layer 
of non-uniform thickness on a surface of a silicon 
substrate which remedies the drawbacks of the processes 
of the prior art. 

According to the invention, the process is 
characterized in that it comprises the following steps : 

a) implantation in predetermined regions of the 
substrate of an effective dose of atoms of a chemical 
species which increases the rate of oxidation of the 
substrate; and 
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b) the growth of a silicon oxide layer of 
non-uniform thickness by oxidation on the surface of 
the siibstrate. 

The implantable species which increase the rate 
of oxidation of a silicon substrate comprise silicon, 
germanium, argon, neon, helium, phosphorus and arsenic. 
The preferred species are Si, Ge, Ar, Ne and He and 
more preferred Si, Ge and Ar. 

Although the in^jlantation of phosphorus or 
arsenic increases the rate of oxidation of a silicon 
substrate, these species have the drawback, however, of 
being dopants of silicon which modify its electrical 
properties, something which is not always desirable. 

Increasing the oxidation rate of a silicon 
siibstrate obviously depends on the nature of the 
chemical species implanted, on the implanted dose and 
on the implantation energy. In general, the dose of 
chemical species implanted will vary between 5 x lO" 
and 5 x 10^^ atoms/cm^, preferably from 1 x 10^^ to 
5 X 10^^ atoms/cm^. 

The implantation energy may vary from less than 
2 keV to more than 100 keV, but is generally from 2 to 
80 keV and preferably from 2 to 15 keV. 

The implantation of atoms of a chemical species 
into a silicon substrate is conventional and well known 
in the art. Thus, it is possible to use a process and 
an apparatus for conventional ion implantation in which 
the chemical species to be implanted is ionized before 
being accelerated by means of an electric field. 

A conventional apparatus for carirying out such 
an implantation is the SHC 80-type VARIAN apparatus. 

The process of the invention can be used with 
any type of silicon substrate, whether crystalline, 
polycrystalline or amorphus. 

The step of growing the silicon oxide layer is 
conventional and may be carried out by oxidation in a 
standard furnace at a. temperature above 300 °C and in an 
oxidizing atmosphere, such as oxygen, diluted oxygen, 
water vapor, ozone or other gases. It is also possible 
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to use other conventional oxidation processes such as 
plasma oxidation, electrochemical oxidation and rapid 
thermal oxidation (RTO) . 



EXAMPLE 



A s i 1 i con oxide 1 ayer was grown on s i 1 i con 
wafers by thermal oxidation in a standard furnace (SVG 
brand) at a temperature of 900 <*C for 6 minutes in an 
oxygen atmosphere. 

Some of the wafers were sxibjected beforehand to 
argon ion implantation in a similar manner but with 
different implantation energies (VARIAN SHC 80 
implantation apparatus) . 

The thickness of the silicon oxide layers 
obtained was measured by ellipsometry. The results are 
given in Table I below. 



Iir5)lanta- 
tion energy 
Implanted 
dose 

5 X 10" at/ cm^ 
5 X 10^* at/ cm' 
1 X 10^^ at/ cm' 
5 X 10" at/ cm' 



TABLE I - 

Thickness of the oxide layer formed, nm 



2 keV 
4,78 
5,66 
6.01 
8.8 



10 keV 
5.74 
5.92 
6.75 
12.3 



80 keV 



6.0 



11.0 



By way of comparison, the thickness of the 
oxide layer obtained under the same oxidation 
conditions on a similar silicon wafer that has not 
undergone oxidation is 4.7 nm. 

Ne or He implantation leads to the same results 
as argon. 

Phosphorus and arsenic implantation, with an 
energy of 10 keV and with implantation does' of 2 x 10^^ 
atoms/cm' and 3 x 10^^ atoms/cm' respectively, have led 
to 12 and 17 nm oxide layers, respectively. 
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Because the process according to the invention 
is based on increasing the oxidation rate of a silicon 
substrate and not on reducing this rate, which is the 
case in the prior art, the risk of degrading the 
regions in which the oxide layer is thinnest is 
eliminated, while at the same time obtaining oxide 
layers of greater thicknesses suitable for withstanding 
higher voltages, for example at the I/O buses. 
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CLAIMS 

1. A process for forming a silicon oxide layer of 
non-uniform thickness on a surface of a silicon 

5 substrate, characterized in that it comprises: 

a) the implantation in predetermined regions of 
the substrate of an effective dose of atoms of a 
chemical species which increases the rate of oxidation 
of the sxibstrate; and 
10 b) the growth of a si 1 icon oxide layer o f 

non-uniform thickness by oxidation on the surface of 
the sTibstrate. 

2. The process as claimed in claim 1, 
characterized in that the chemical species are chosen 

15 from Si, Ge, Ar, Ne, He, P and As. 

3 . The process as claimed in claim 1 or 2 , 
characterized in that the in^lantation step is an ion 
implantation step. 

4. The process as claimed in any one of claims 1 
20 to 3, characterized in that the implantation energy is 

between 2 and 100 keV, preferably 2 to 80 keV. 

5. The process as claimed in any one of claims 1 
to 4, characterized in that the implanted dose is from 
5 X 10" to 5 X 10^^ atoms/cm% preferably 1 x 10^^ to 

25 5 X 10" atoms/cm^ 

6. The process as claimed in any one of claims 1 
to 5, characterized in that the growth step by 
oxidation is an oxidation step in a furnace, by plasma 
oxidation, electrochemical oxidation or rapid thermal 

30 oxidation. 

7. The process as claimed in claim 6, 
characterized in that the step of growing the silicon 
oxide layer is an oxidation step in a furnace at a 
temperature of at least 300*^0 and in an oxidizing 

35 atmosphere. 



ABSTRACT 

The invention concerns a method comprising steps which consist in: a) implanting in 
predetermined zones of the substrate an efficient dose of atoms of a species accelerating the 
substrate oxidation kinetics; and b) growing by oxidation a silicon oxide film with non-uniform 
thickness on the substrate surface. The invention is useful for producing oxide films for MOS 
transistor grids. 
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